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SPECIFICATION /26l' 

1. Title 
Imaging System 

2. Claims 

An imaging system that is equipped with a solid-state imaging 
device, said imaging system having a grating-type low-pass filter 
provided in the photographic lens system as well as a light-volume 
adjusting means for adjusting the light volume that enters the solid- 
state imaging device; a mechanical shutter that mechanically controls 
the exposure time of the solid-state imaging device; an electronic 
shutter that electronically controls said exposure time; and an 
exposure control section that selects either the aforesaid mechanical 
shutter or electronic shutter depending on the measured exposure value 
and implements an exposure control, thereby controlling the opening 
value of the aforesaid light-volume adjusting means, 

3. Detailed Description of the Invention 
[Industrial Field of Application] 

The present invention pertains to an imaging system, such as -a 
^ ;yideo"^cameraT electronic still camera, etc., that is equipped with a 
light-volume adjusting means and an optical low-pass filter for moire 
suppression, and it pertains especially to an imaging system that 
employs an optical— low-pass filter of the diffraction grating type and 
makes it function effectively. 



Number in the margin indicates pagination in the foreign text. 
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[Prior Art] 

When a video camera, electronic still camera, etc., which samples 
image information discretely, is used to photograph a subject, if the 
subject exhibits an extremely fine pattern, structures that are not 
present on said subject or color shades that are different from said 
subject could appear on the photographed image. 

These are phenomena that occur due to the fact that the spatial 
frequency of the target subject is too high in relation to the limit 
value of the sampling frequency (Nyquist frequency) of the imaging 
system employed. 

More specifically, frequency components that exceed the Nyquist 
frequency and that, as such, cannot be sampled by the imaging system 
cannot be obtained as image information, and the frequency components 
that cannot be sampled act as noise and adversely affect the sampled 
high-frequency components of the photographed image, thus causing 
false signals to generate. This adverse effect is what is generally 
called "^aliasis" (waveform distortion), and, when said aliasis /262 
occurs, streaks (moire streaks) and color shades (false colors) that 
are not present originally in the photographed image are formed. 

Heretofore, optical low-pass filters have been used for 
suppressing the aforesaid aliasis, and said optical low-pass filter is 
positioned inside the photographic optical lens system and used for 
suppressing- unnecessary high-frequency components contained in a 
^siibj'ect, thereby reducing the influence of aliasis. As this optical 
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IcSvj^patss' ^litte^-v^ those the = birefringence of a qilartz ^ 

glgte- have toeen-^^o^^^^ The reason for this is to utilize the 

birefringence of quartz to separate an incident light flux into a 
normal ray and abnormal ray, thereby obtaining the effect of a low- 
pass filter. Assuming that the separation distance of the lights to be 
separated is D and its transfer function (MTF) is Hc(f), the 
relationship represented by the following equation is satisfied. 

Hc(f) = IcosnDfl (I) 

From equation I, it becomes possible to suppress the spatial frequency 
component of the desired direction. 

Quartz plates used as the aforesaid optical low-pass filters are 
expensive. In addition, since the light after the separation becomes a 
linearly polarized light, a phase plate is required for converting the 
polarization state if the incident light flux is to be separated in 
two or more directions, and a quartz plate is also generally employed 
as said phase plate, which leads to another increase in cost. 
Therefore, this presents a problem also from the standpoint of mass 
production. 

Accordingly, for the purpose of solving the aforesaid problem, 
various optical low-pass filters that utilize phase-type diffraction 
gratings are proposed. For example, in JP-A-S53-119053, JP-A-S61- 
126532, etc., are proposed optical low-pass filters that have the 
projecting sections of a diffraction grating formed in an arc shape or 
triangular shape. 
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Fig. 7 is a perspective drawing that illustrates the shape of the 
optical low-pass filter that is used for prior-art imaging systems and 
that is comprised of a triangular waveform phase grating. This optical 
low-pass filter is obtained by forming, for example, an acrylic resin 
into a triangular prism shape, and it can be produced at considerably 
low cost compared with the aforesaid quartz plate. In addition, it can 
yield the same effect as that of the aforesaid quartz plate by its 
diffracting action and can suppress unnecessary high-frequency 
components in a subject. 

In order to create sufficient diffraction with the aforesaid 
grating-type optical low-pass^ Xiltery - the diame t er of th e light f lux 
.that passes it needs to- be sufficiently larger than the grating pitch 
of - the "diffraction-grating, and, if it is smaller than the grating 
pitch, a satisfactory low-pass effect cannot be obtained. 

Currently, optical systems in particular are being made, mor^ 
compact, and, along with this, the diameter oJ^aperture is also 
becoming smaller. For example, when the aperture value becomes larger 
than 16 or larger than 22, some photographic lenses may end up having 
an aperture cdiamet^^ If a grating-type optical 

low-pass filter is used in this type of photographic lens system, a 
satisfactory low-pass effect cannot be obtained when the lens is 
stopped down to an aperture value of, for example, 16 or more. 

Fig. 8 shows a program diagram of a conventional still video 
camera. As shown in the figure, for a bright subject whose exposure 



value EV is 17 or larger, the aperture value AV (F stop) becomes 16 or 
larger. Therefore, if a grating-type low-pass filter is used for a 
camera that employs this type of exposure control, a satisfactory low- 
pass effect cannot be obtained for a bright subject with- an EV of 17 
or larger , Therefore', iTToTder^ to~^ontr"oT"^the^exposu without 
^stopping down— the -aperture, ~the~~exposure time TV (shutter speed) must 
r"be~ shortened. With the mechanical shutter, however, there is a limit 
to the shutter speed. Especially when a lens shutter system is used so 
as to downsize the structure of the camera as a whole, a shutter speed 
of 1/500 second or thereabouts is the limit. 

Meanwhile, as a result of the recent yearns development in 
semiconductor technology, various types of solid-state imaging devices 
having electronic shutter functions have been developed. Generally 
speaking, these solid-state imaging devices cannot yield good images 
if electronic shutter photographing is carried out when the exposure 
time is long because of the influence of dark current, white defects, 
etc., but it can yield excellent images when the exposure time is a 
short time=ro:f::=l"/500~:'second or less. Especially with a FIT-type CCD, it 
is known that the exposure time can be reduced to 1/10000 second or 
thereabouts and that excerient "images without smearing can also /263 
be obtained. 

[Problems that the Invention Intends to Solve] 

Because conventional imaging systems are configured as described 
in the foregoing, when a grating-type low-pass filter is used in them. 
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they have the problem that a satisfactory low-pass effect cannot be 
obtained rf- the- aperture- is closed to-a large degree when^a—subject is 
relatively br rght r 

The present invention was achieved in view of this problem, and 
its objective is to provide an inexpensive and compact imaging system 
that is equipped with C solXd-^state Tmagl^^^^^ 

optical low-passrif il^^^ can obtain a satisfactory low-pass 

effect even when a subject is bright. 
[Means of Solving the Problem] 

The imaging system of the present invention is an imaging system 
that is equipped with a solid-state imaging device, said imaging 
system having a grating-type low-pass filter provided in the 
^ '^hotogx^hTc^^l^^^ well as a light-volume adjusting means for 

adjusting the light volume that enters the solid-state imaging device; 
a mechanical shutter that mechanically controls the exposure time of 
the solid-state imaging device; an^'^^el<ectronic~-shutter that 
eTrectronrcariy contro^^^ said-exposure - time; and an ejcposure control^, ^ 
rsection'^that selects either the aforesaid mechanical shutter or 
electronic shutter depending on the measured exposure value and 
implements an exposure control, thereby controlling the opening value 
of the aforesaid light-volume adjusting means. 
[Operation] 

The imaging system of the present invention is equipped with a 
mechanical shutter and electronic shutter, and these shutters are 
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selectively used based on the exposure value, thereby controlling the 
opening value of the light-volume adjusting means. As a result, even 
when a subject is relatively bright, the grating-type optical low-pass 
filter can yield a satisfactory low-pass effect. 
[Embodiments] 

Fig. 1 is a block diagram that illustrates the schematic 
structure of an imaging system embodying the present invention. In the 
figure, reference numeral 1 radicates -a-photographic-"lens; 2, (ar^y 
grat±ng-type~^optica^l^^^ that is provided in the optical ^ 

lens system of said photographic lens (1); and 3, a"z:solid:^state> 
imarging^rdev^^ which implements the photoelectric conversion of the 
photographic light from a subject and outputs image signals and which 
is equipped with an electrcxij^^shutt^r^jE^ for controlling the 

exposure time electronically. Reference numeral 4 is- a— light-volume ^ 
adjusting-means (aperture) for controlling the light volume that 
enters the sold-state imaging device (3) ; 5, a mechanical shutter for 
controlling the exposure time of the solid-state imaging device (3) 
mechanically; and 6, an exposure control section that selects either 
the aforesaid ^electronic shutter or mechanical shutter (5) depending 
on the exposure value and implements an exposure control, thereby 
controlling the aperture value of the aforesaid light-volume adjusting 
means (4) . 

The following explains the operation of the imaging system having 
the aforesaid structure, referring to Figs. 2 and 3. Fig. 2 is a flow 
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chart that illustrates the flow of the exposure control, and Fig. 3 is 
a program diagram. 

As shown in Fig. 3, for this system, the maximum aperture value 
AV (F stop) of the photographic lens (1) is set to approximately 2.8, 
and the system is set so as not to have an aperture value that is 
darker than 11. The exposure control section (6) controls the exposure 
time (shutter speed) TV. When the measured exposure value EV is 
smaller than a predetermined value, the .mechanical shutter (5) is 
selected, whereas, when the exposure value is larger than the 
predetermined value, the electronic shutter that is provided in the 
solid-state imaging device (3) is selected. 

More specifically, as shown in the flow chart in Fig. 2, first, 
the exposure value EV is determined by a photometric means (not shown) 
provided in the system (Step SI) . This exposure value EV is compared 
with a predetermined value EVo (EV > EVq) (Step S2) . When the measured 
exposure value EV is smaller than the predetermined value EVo, the 
aperture value AV and exposure time TV are determined from the program 
diagram in Fig. 3 based on the exposure value EV (Step S3a) , after 
which mechanical shutter photographing is carried out (Step S4a) . When 
the measured exposure value EV is larger than the predetermined value 
EVo, the aperture value AV and exposure time TV are determined based 
on the exposure value EV (Step S3b) , after which electronic shutter 
photographing is carried out (Step S4b) . 
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In Fig. 3, the aforesaid predetermined value EVo is set to 15.5, 
and, in this case, if the aperture value AV is 11, the exposure time 
TV becomes approximately 1/360 second. For any subject~~that-is 
brighter than this, electronic shutter photographing is performed. 7264 
As a result, even with an imaging system equipped with a grating-type 
optical low-pass filter (2), a satisfactory low-pass effect can be 
obtained even for photographing a bright subject, and an imaging 
system that is inexpensive and has a compact structure can be realized. 

Fig. 4 is a structural drawing that illustrates another 
embodiment of the present invention, and it shows the optical 
positioning relationship. For this embodiment, the grating-type 
optical low-pass filter (2) is positioned immediately after the light- 
volume adjusting means (4), which is an aperture, in the optical lens 
system of the photographic lens (1), and aTrfld^ter^-Hi-that suppresses 
;the light passage -intensity without changing the color balance of a 
subject is^ placed^ in front- of the light- volume adjusting means (4) in 
an attachable/detachable manner. As this filter, a filter that 
suppres:S_es the -light intensity to 1/8 is selected, and the rest of the 
structure ts-the same as that in Fig, 1. 

Fig. 5 is a flow chart that illustrates the flow of the exposure 
control of a system having the aforesaid configuration, and Fig. 6 is 
a program diagram. 

As shown in Fig. 6, the maximiam aperture value AV of the 
photographic lens (1) is set to approximately 2.8, and the system is 
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set by means of the light-volijme adjusting means so as not to have an 
aperture value AV that is darker than 8. In the exposure control 
process, as shown in the flow chart in Fig. 5, first, the exposure 
value EV is determined by a photometric means provided in the system 

(Step Sll) • This exposure value EV is compared with a predetermined 
value EVi (Step S12) . Here, the predetermined value EVi is 14.2. When 
the measured exposure value EV is smaller than the predetermined value 
EVi, the aperture value AV and exposure time TV are determined based 
on the exposure value EV (Step S13a), after which mechanical shutter 
photographing is carried out (Step S14a) . 

When the measured exposure value EV is found to be larger than 
the predetermined value EVi in the aforesaid Step S12, the filter (7) 
in Fig. 4 is mounted in front of the light-volume adjusting means (4), 
thereby reducing the light passage intensity to 1/8, in other words, 
reducing it by 3 levels (Step S15) . In this condition, exposure values 
EV become the values shown in parentheses in the program diagram shown 
in Fig. 6. Thereafter, the exposure value EV of the light that has 
passed through the filter (7) is again compared with a predetermined 
value EVo (Step S16) . When the measured exposure value EV is smaller 
than the predetermined value EVo, the aperture value AV and exposure 
time TV are determined based on the program diagram shown in Fig. 6 

(Step SlSb) , after which mechanical shutter photographing is carried 
out (Step S14b) . When the exposure value EV is larger than the 
predetermined value EVo, the aperture value AV and exposure time TV 
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are determined in a similar manner (Step S13c) , after which electronic 
shutter photographing is carried out (Step S14c) . Here, the aforesaid 
predetermined value EVq is 15.5. 

This configuration can also yield the same effect as the 
embodiment described before. Incidentally, the filter (7) in Fig. 4 is 
comprised of one filter, but it may be comprised of a combination of 
several filters. 
[Effects of the Invention] 

As described in the foregoing, according to the present invention, 
the imaging system is equipped with a mechanical shutter and 
electronic shutter, and these shutters are selectively used according 
to the exposure value, thereby controlling the opening value of the 
light-volume adjusting means; as a result, even when a subject is 
relatively bright, the imaging system can obtain a satisfactory low- 
pass effect from the grating-type optical low-pass filter, and the 
imaging system can also be made so that it is inexpensive and compact. 
4. Brief Explanation of the Drawings 

Fig. 1 is a block diagram illustrating the structure of one 
embodiment of the present invention; Fig. 2, a flow chart that shows 
the flow of the exposure control in the embodiment; Fig. 3, a program 
diagram of the embodiment; Fig. 4 is a structural diagram illustrating 
another embodiment of the present invention; Fig. 5, a flow chart that 
shows the flow of the exposure control of the other embodiment; Fig. 6, 
a program diagram of the other embodiment; Fig. 7, a perspective view 
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illustrating the shape of the optical low-pass filter of a 
conventional system; and Fig, 8, a program diagram of the conventional 
system. 

1 photographic lens 

2 optical low-pass filter 

3 solid-state imaging device 

4 light-volume adjusting system 

5 mechanical shutter 

6 exposure control section 

7 filter 
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[Fig. 1] 

Configuration of one embodiment of the present invention 



[Fig. 2] Flow of exposure control of the embodiment 

Key: a) start; b) end; SI) measure the light; S3a, S3b) determine AV 
and TV; S4a) mechanical shutter photographing; S4b) electronic shutter 
photographing . 

[Fig. 3] Program diagram of the embodiment 
Key: a) electronic shutter; b) second. 

[Fig. 4] Configuration of another embodiment of the present invention 

[Fig. 5] Flow chart of exposure control of another embodiment 
Key: a) start; b) end; Sll) measure the light; S15) install the 
filter; S13a, S13b, S13c) determine AV and TV; S14a, S14b) mechanical 
shutter photographing; S14c) electronic shutter photographing. 
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[Fig. 6] Program diagram of the other embodiment 
Key: a) electronic shutter; b) second. 

[Fig. 7] Shape of optical low-pass filter of a conventional system 

[Fig. 8] Program diagram of a conventional system 
Key: b) second 
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